The Ouvidor River, a tributary of the Upper Paraná River, drains areas covered by cerrado vegetation in Central Brazil. We collected data for environmental variables (water temperature, dissolved oxygen, pH, conductivity, turbidity, water velocity, luminosity, channel substrate and width) and anthropogenic perturbations (industry, reservoirs, urban areas) that may structure the fish assemblage in ten stream sites of the Ouvidor River basin. In each stream we delimited one 50 m long site where fish were captured by electrofishing and abiotic data were collected every two month between August 2004 and June 2005. Coinertia analysis indicated that pH, water velocity, channel width and water temperature most strongly structured the fish assemblages. The interactions of water velocity and channel width with the fish assemblage were not directly affected by wet and dry seasons but the opposite was true for pH and water temperature.
Introduction
The structural and functional characteristics of aquatic communities respond to environmental oscillations that differ in spatial and temporal scales (Matthews, 1998) . Four physical habitat characteristics are widely recognized as directly important for fish species distribution and abundance in streams: water depth (Angermeier & Karr, 1994; Penczak et al., 1994) , current velocity (Mendonça et al., 2005) , composition of the channel substrate (Cunico et al., 2006) and riparian vegetation cover (Ferreira & Casatti, 2006a; Mérigoux et al., 1998; Penczak et al., 1994) . Metrics representing these characteristics aid analyses of habitat modification on fish assemblages . However, fish assemblages are also influenced by other characteristics of the aquatic environment such as the historic/biogeographic conditions, water temperature, flow regime, predation, competition, and diseases Jackson et al., 2001) .
In the Neotropical region, interest in stream fish ecology is relatively recent (Oliveira & Bennemann, 2005) , including the influence of environmental variables on fish assemblage structure (Fialho et al., 2008) . Consequently, there have been few studies concerning this subject in the upper Paraná River basin. Abes & Agostinho (2001) reported that the variable set of channel width, depth, water and air temperature, dissolved oxygen, conductivity, pH and substrate influenced fish richness and assemblage composition. Penczak et al. (1994) found that pH, conductivity, depth, channel width, and pres-ence of macrophytes structured fish assemblages. Conductivity, water temperature, pH, dissolved oxygen (Braga & Andrade, 2005) and pH, water temperature, conductivity, chemical dissolved oxygen, and turbidity (Fialho et al., 2008) were also related to differences in fish assemblage structure. However, these relationships were also affected by anthropogenic impacts related to different land uses (Penczak et al., 1994) such as domestic sewage, agriculture, ranching, and urbanization (Fialho et al., 2008) . Despite their similarities in stream hydromorphology, neotropical streams are historically and geomorphologically different. Also, any environmental modification, natural or anthropogenic, can influence local fish zoogeography and modify the fish assemblage composition to some degree via local species extirpations (Gorman & Karr, 1978; Tonn, 1990) and introductions (Lomnicky et al., 2007) . The lack of knowledge about fish faunas and environmental change in neotropical regions like those of the Central Brazil are of concern to ichthyologists and ecologists because regional biodiversity is unknown and some species appear to be disappearing of some streams even before it is possible to establish their spatial distribution (Tejerina-Garro, 2008) The aim of this article is to identify which environmental variables (water temperature, dissolved oxygen, pH, conductivity, turbidity, water velocity, luminosity, channel substrate and width) and anthropogenic perturbations (industry, reservoirs, urban area) most structure the fish assemblages in streams sites of the Upper Paraná River, Central Brazil.
Material and Methods
Study area. The Ouvidor River basin is located in southern Goiás State, Central Brazil, and is a tributary of the Upper Paraná River, the second largest drainage basin of South America (Lowe-McConnell, 1999) . The climate is semi-arid with marked wet and dry seasons, and air temperature varying between 16.9°C and 37.2°C. The predominant soil in the basin is red latosol (IBGE, 2005) . The sampled stream sites (Table 1) have narrow (< 8 m) and shallow (< 1 m) channels. Their substrate is formed predominately by sand and gravels (Buraco, Olhos d'água, Posse dos Rodrigues, Riacho streams), bedrock (Lagoa, Ouvidor and Taquara II), or mud (Taquara I). The sites were bordered by riparian vegetation typical of the cerrado biome (Ribeiro, 1998) , pasture (Ouvidor, Posse dos Rodrigues, Riacho, Olhos d'água streams) or industrial areas (Taquara II and Santo Antônio). Some channels were fragmented by reservoirs (Taquara I, Buraco, Sapê streams), received domestic sewage (Santo Antônio) or drained urban areas (Lagoa).
Sampling protocols. Fish, environmental variables and anthropogenic perturbations data were collected from one site in each of nine streams and one upper reach of the Ouvidor River main channel (Fig. 1 (Welcomme, 1979) . In each stream, a 50 m long site was delimited based on easy access conditions, its geographic coordinates (Garmin 12) were obtained, and six transects every ten meters were marked.
Fish were sampled by electrofishing, which is efficiently for collecting small fish species (Severi et al., 1995) in lotic environments (Mazzoni et al., 2000) . The electrofishing equipment was powered by a portable generator (HONDA, 1800 W, 220 V) connected to a DC transformer then two electrified net rings (anode and cathode). Output voltage varied from 100 to 600 V. Each reach was fished three times from downstream to upstream by three people following the protocol suggested by Esteves & Lobón-Cerviá (2001) . Collected fish were fixed in 10% formalin and identified to species or genus in the laboratory. Voucher specimens of each species were deposited in the Museu de Ciências e Tecnologia, Pontifícia Universidade Católica do Rio Grande do Sul, Brazil.
Channel width, substrate, water velocity and luminosity (total luminous flux incident on the channel surface) and the anthropogenic perturbations were measured at each transect. Water temperature and dissolved oxygen were measured at the first, third and sixth transects and the pH, conductivity and turbidity were measured at the center of each reach (Table 2) . Data analysis. The data matrices consisted in presence/absence values aiming to treats dominant species equally than rare species (McCune & Grace, 2002) , qualitative variables values (channel substrate and anthropogenic perturbations), and average quantitative variables values for each reach. All data were grouped by season (wet and dry). The fish and qualitative and quantitative data matrices were submitted separately to Principal Component Analysis (PCAs). In the case of the quantitative data, the PCA was performed using the correlation method recommended when data collected was measured in different unities, whereas covariance was used for the fish and qualitative data because it was measured in the same unit (Dolédec & Chessel, 1991) . Then the results of each PCA were submitted to a co-inertia analysis (COI) separately (fish vs. quantitative variables; fish vs. qualitative). We used multivariate ordination of COI because it is sensitive to a small number of samples (10 sites; Dolédec & Chessel, 1994) and aids identification of fish assemblage patterns resulting from the influence of the variables considered (McCune & Grace, 2002) . The co-structure between fish assemblages and variables resulting from the co-inertia analysis was tested using a Monte Carlo test (1000 iterations). The collinearity between quantitative variables resulting from the PCA was tested using a Pearson correlation test (Zar, 1998) . All analyses were performed using ADE-4 software (Thioulouse et al., 2001) .
Results
We collected 4049 specimens and 35 fish species (Table  3) . Fish abundance was high at the Buraco site during the dry (601 specimens) and wet (641) seasons. Conversely, low abundance was observed at the Lagoa (76, dry season) and Taquara I (11, wet season) sites.
The COI analysis indicated that the co-structure between the fish matrix and the quantitative variables was significant (p = 0.000; characin P. argentea and the catfish C. cf. iheringi, Hisonotus sp., Hypostomus sp. and H. margaritifer) but not with the qualitative variables (p = 0.084; Table 4 ). In the first case, two axes explained 70.74% of the total inertia and the correlation (r) between the fish assemblage and the quantitative variables was significant (axis 1 = 0.86; axis 2 = 0.90; Table 4 ). On axis 1, the ordination of fish assemblages and stream reaches was related to water velocity and channel width in the dry and wet seasons (Fig. 2) . The fish assemblages represented by these species were associated with reaches with the higher water velocities and wider channels observed in the Ouvidor River and Riacho stream (right sides of Figs. 2a-b; Table 5 ). By contrast, fish species such as the characin H. aff. malabaricus and the cichlid T. rendalli were related to stream reaches with low water velocities and narrow channel widths as observed in the Buraco and Sapê streams during dry season ( Fig. 2 ; Table 5 ).
On axis 2, fish assemblages and sites were discriminated by pH and water temperature seasonally ( Fig. 2; Table 5 ). In the wet season H. margaritifer and P. nasus were associated with sites characterized by elevated water temperature and alkaline pH such as displayed by the streams Posse dos Rodrigues, Olhos d'água and Lagoa ( Fig. 2 ; Table 5 ).
Discussion
One goal of ecosystem ecology is to establish how assemblages of organism, in this case fish, are related to environmental oscillations (Braga, 2004) . Such relationships are characterized by the simultaneous influence of multiple environmental variables on assemblages (Bini, 2004) . This also was the case in this study, where four variables (water velocity, channel width, water temperature and pH) structured fish assemblages to the greatest degree among the variables measured.
In our study, water velocity and the channel width were little affected by seasonality as normally occurs in natural conditions Tejerina-Garro & Mérona, 2001 ).This situation is often related to modification of stream hydrology by reservoirs, but reservoirs did not significantly influence many of our sites and fish assemblage ordination results. Reservoirs are known to regulate water velocity and channel width downstream (Mérona et al., 2005) , increase water residence time (Thomaz et al., 1997) , increase downstream substrate size (Oliveira & Lacerda, 2004) , and consequently alter biotic communities (Agostinho et al., 1992) . This likely only occurred in sites with low water velocities and narrow channel such as Taquara I, Buraco and Sapé, each of which were located upstream of a reservoir.
In this study the relationship of catfish (C. cf. iheringi, Hisonotus sp., Hypostomus sp. and H. margaritifer) and characin (P. argentea) to sites with elevated water velocities and wide channels can be explained in part by the interaction of environmental filters and the functional characteristics of these species (Poff, 1997) . Some of the sites sampled had rocky substrates and pools; both of which provide habitat for algae (Esteves, 1988; Bennemann et al., 2005) and subsequently herbivorous catfish species such as Hisonotus and Hypostomus (Casatti, 2002; Fialho & Tejerina-Garro, 2004; Hahn et al., 1998; Melo et al., 2005; Santos et al., 2004) . Also, these catfish display body shapes and morphological adaptations of the pectoral fins that aid them in maintaining position in high velocity areas of streams (Casatti, 2002; Melo et al., 2005) . In addition, the catfish C. cf. iheringi is reported to be invertivorous (Casatti & Castro, 1998; Froese & Pauly, 2008; Oliveira et al., 1997) , feeding predominantly on aquatic insect larvae such as those of the family Leptophlebiidae, Hydropsychidae, Hydroptilidae (Casatti & Castro, 1998) , which are present in streams of the Upper Paraná River (Oliveira et al., 1997) . In the case of the characin P. argentea, its fusiform body, terminal mouth position (Fialho & TejerinaGarro, 2004 ), small size and opportunistic feeding behavior facilitate its exploitation of different lotic habitats along the margins of water courses (Ferreira & Casatti, 2006b; Ferreira et al., 2002; Gomiero & Braga, 2005) .
In our study, the characin H. aff. malabaricus and the cichlid T. rendalli are associated with sites having narrow channels and low water velocities. Such habitats favor H. aff. malabaricus, a piscivorous species (Resende, 2000; Santos et al., 2004 ) that ambushes prey (Fialho & Tejerina-Garro, 2004) or T. rendalli, which consumes phytoplankton and zooplankton (Dias et al., 2005; Lazzaro, 1991) . In addition, low water velocities favor reproduction of H. aff. Malabaricus, which prefers lentic and muddy waters for spawning (Araújo-Lima & Bittencourt, 2001; Nakatani et al., 2001) as well as T. rendalli (Fialho & Tejerina-Garro, 2004; Oliveira & Bennemann, 2005) .
The dry and wet seasons (IBGE, 2005) accentuate physicochemical water characteristics, particularly pH and water temperature (Esteves, 1988; Gordon et al., 1995; Melo et al., 2003) . During dry seasons the fish assemblages represented by the characins A. eigenmanniorum, Bryconamericus sp.1, Bryconamericus sp.2, P. myersi, A. piracicabae and the catfish H. nigricans are associated with sites having acidic water (average pH = 6.12) and relatively low water temperatures (average = 22.31 °C), whereas in wet seasons the catfish H. margaritifer and the characin P. nasus are linked with sites having relatively basic water (average = 8.08) and higher water temperatures (average = 24.37 °C).
The influence of pH on fish assemblage structure was also observed by Abes & Agostinho (2001) , Braga & Andrade (2005) , Fialho et al. (2008) and Penczak et al. (1994) , in streams of the Upper Paraná River. In our study the pH influence seemed to be related mostly to regional soil characteristics and land uses. The Ouvidor River basin drains Cerrado regions characterized by naturally acidic soils (Ratter et al., 1997) , where the main economic activity is farming and cattle ranching (Nepstad et al., 1997) . These activities require the addition of calcium before the rainy season to reduce soil acidity sufficiently to enable profitable agricultural activities (Ratter et al., 1997) . This fertilization introduces Mg and Ca ions into the water courses during the wet seasons and results in more basic pH of the water (Carvalho et al., 2000) . However, it is not possible to determine from our study weather the preference of the fish species for basic or acidic water is related to the influence of pH on reproduction (Dei Tos et al., 2002) or growth and development (Esteves, 1988; Ferreira et al., 2001 of the specific heat of water is relatively high thermal stability of aquatic ecosystems, and Wetzel (1993) suggested that thermal radiation into and from water reservoirs is predominantly a superficial phenomenon that is, restricted to the top centimeters of the water column. In this way, water courses with less water volume (e.g., streams) tend to gain and lose heat more rapidly than ones with more volume (e.g., river). This seemed to be the situation in our study when comparing the Ouvidor River with the Buraco and Sapê streams during the wet season, and all stream sites in both seasons. However, streams with riparian vegetation cover have lower water temperatures than uncovered ones (Ferreira & Casatti, 2006b) , which seems to be the case of the Olhos d'água and Posse dos Rodrigues streams, where H. margaritifer and P. nasus are predominant. Generally, the influence of water temperature on fish is related to their metabolism (Silva & Araújo-Lima, 2003) , which was not measured in our study. In sites lacking vegetation cover, the availability of light in the water column increases (Tejerina-Garro & Mérona, 2001 ). The increased light and additional nutrients from wet season run off favored increased periphyton production, which is consumed by H. margaritifer (Casatti, 2002; Hahn et al., 1998; Melo et al., 2005; Santos et al., 2004; ) and P. nasus (Fialho & Tejerina-Garro, 2004 ).
In conclusion, we found that fish assemblages of Ouvidor basin streams sites were structured by water velocity, channel width, pH and water temperature. Although we did not detect direct effects of anthropogenic perturbations on fish assemblages in this study, it does not mean that they were absent. Our results aids predictions of the responses of Ouvidor fish assemblages to environmental modifications, including those that take place at a large temporal and spatial scale such as air temperature.
Additional studies are necessary to verify if the fish-habitat relationships observed for our Ouvidor stream sites prevail at the larger spatial scale of the Paranaíba River basin in Fig. 2 . Ordination of the co-structure between (a) fish assemblages (arrows) and stream sites (squares) and (b) fish species and environmental variables resulting from the co-inertia analysis. Only species that most contributes to each axis are displayed. Black and white squares represent stream sites sampled in the wet and dry season, respectively. Codes correspond to names listed in Tables 1 and 2 Goiás, where streams were modified without prior knowledge of the structure and composition of the aquatic assemblages, including fish.
